The arrangement of hi stones along DNA in nucleosomal core particles within transcribed heat shock gene 'hsp 70) region and repressed insertion within ribosomal genes o-f Drosophila was analysed by using protein-DNA crosslinl-ing methods combined with hybridisation tests. In addition, two-dimensional gel electrophoresis was employed to compare the overall nucleosomal chape and the nucleosomal DNA 5i;e, The arrangement o-f histories along DNA and general compactness o-f nucleosomes were shown to be rathar similar in transcr i pt •> onal 1 y active and inactive genomic regions. On the other hand, nucleosanes within transcrIptional1y active chromatin are characterized by a larger size of nucleosomal DNA produced by nu crncocc^l nuclea3e digestion and some peculiarity in electrophoretic mobility. 
TNTRQDUCTION
It was established that the bulk o-f the eukaryotic genome is organized in nucleosomes (1, 2, 3) . At the second level o-f chromatin organisation, the nucleosomal chain is -folded into 30-nm -fibers (4). Nucleosomal core particle consists of about 1.45 base pairs (bp) of DNA and a hi stone octamer containing two molecules each of histones H2A, H2B, HI and H4.
Thf? data on the transcribed chromatin structure are very controversial (reviewed in 5, 6) . It is generally accepted that increasing transcriptional activity caus»3 progressive unfolding of chromatin structure (7) . Thus, the removal of histane HI and then the core histones from moderately to actively transcribed ribosomal (8) and heat-shock Drosophila genes (9) , which histones can be displaced by RNA polymerase (10, but see Ref. 58 ) seems to induce unfolding of the 30 nm fiber to the 10 nm -fiber and then to linearized DNA. At the same time, nucleosomes ar'e preserved on transcribed genes at a moderate transcript)onal activity (9,1),12). Moderately transcribed chromatj.n possesses also some peculiarities in "structure (•5i.pch as an enhanced nuclease sensitivity and unusual distribution of active gene sequences within di f-ferent chromatin
•fractions) . Jt was assumed that these characteristics o-f active chromatin might be also determined by nui-1 eosomal core structure modifications fl2,)4).
A question how and to what extent the nucleosome core structure.' is perturturbdted in ac.tivs chromatin regions hat; yet to be solved. The cores isolated from transcribed chromatin may havf? some: peculiarities in structure since they are preferentially digested by DNAse t (lfi, 16) , show an increased affinity for HMG 11 and 17 proteins (17, 18) and RNA polymerase II (19) and can be enriched in ubiquitin conjugated to histone H2A '20, but s&e 21). Different authors reported that the structure of nucleoaomal care-3, is invariable (11, 12) or slightly changed 22) in active chromatin. "Active" nucleosome cores have exposed HZ cystein residues (23) (24) (25) (26) , and in one case they were shown to loot' in electron micrographs like partly unfolded bipartite particles (23) .
T ri th> s paper, to compare the primary organisation of nucleosomes (the arrangement of histones along DNA) within specific active and inactive chromatin regions we used the method of locating protein contacts on DNA (27) and the "protein image" hybridisation technique (9) . Our results show that the primary organi;atian of care particles is rather similar' in both active in transcription and rtipre&sed chromatin regions.
MATERIALS AND METHODS
Isolation of nuclei and fractIonation of nricrococcal nucleasetreated nuclei 6-18 hr-old embryoa of Drosophila melanogaster, Oregon R, were collected according to the method (29) . Embryos were quickly frozen in liquid nitrogen and clechori.onated by the procedure (30) immediately before nuclei isolation or were dechorionated before freezing which partly activated the transcription of hsp 70 genes (36) . Isolation of nuclei was performed as described in (31) , in the presence o-f 0.5 mM diisopropyl f 1uorophosphate. Fractionation was conducted as described in of nucieosomal cores -from crosslinked Drosophila nuclei PNA-histone cros^linking was conducted within nuclei as described in (9) . Crosslinked nuclei were then lysed in 0.5 mM t-DCTA (trans-1, 2-diaminocyclohe^ane-N,N,N',N'-tetraacetic acid monohydrate). The chromatin was washed twice with 0.15 M NaCl and lysed in water at a concentration o-f TO ftitc units/ml.
After such a preparation o-f chromatin, the yield was quanti-
•tative. HI protein was removed -from crasslint-ed chromatin on DOWH:! AG-50;;?. in a buf*dr containing 0.5 M NaCl, as described in (27) . Chromatin (10 A 3 «, o units) without HI was then incuba- Digestion was terminated by adding EDTA to 2 mM and hydroIysate was than fractionated b/ centrifugation for 5 nu n at 4000 g. The DNA from the pellet and the supernatant was extracted and subjected to polyacrylamid gel electrophoresis under DNA denaturing conditions.
The hydrolisate was then concentrated by ultrafi1tratlun through PM 30 membrane ("Amicon") and 1 ml of hydrolisate was layered onto linear sucrose density gradient (10-307.) at a concentration of 50-90 A 2&o units/ml in 10 mM Tris-Cl (pH 7.4), 0.2 mM EDTA. Gradient was centrifuged for 24 hr at 15000 g and (iiononuc 1 eosnme fraction was then isolated and dialyzed versus 10 mM Tris-Cl (pH 7.4), 0.5 mM EDTA.
Analysis of cross)inked DNA-hi stone complexes
Uncrosslinked DNA was removed from crosslinked cores by phenolic extraction as described in (B>. Two-dimensional electrophoresis was performed as described earlier (27>.
DNA electrophoresis under denaturing conditions was performed as described in (33) , DNP and DNP-DNA two-dimensional electrophoresis were conducted as described in (34) .
DNA transfer from the gel to a nylon membrane and sequential hybridization were performed as described in (35 Figure 1 . Fracti onati on of micrococcal nuclease-treated nuclei Nuclei Irom dechorlonated Drosophila melanogaster embryos were incubated with micrococcal nuclease at 37°C over increasing periods of time '10,20 and 40 min, correspondingly, -from left to right for each set). DNA was then directly extracted from the nuclei (lanes 1-3) or chromatin and fractionated by Garrard's procedure (32) into SI (4-6), S2 (7-9) and P (10-12) fractions. DNA was then extracted and subjected to 77. pol yacrylamide gel electrophoresis under DNA denaturing conditions. An ethidium bromide fluorescence pattern is shown in A. The DNA was transferred to a nylon membrane and hybridized with 3a P-labeled hsp 70 gene coding region probe (B). Then the membrane was rehybridized with nontranscribed ribosomal type II insertion probe (C). Numbers at the right denote the length of marker DNA fragments (lane M). those of previously investigated moderately transcribed genes (14, 22, 37) .
Interestingly, the rate of digestion of the hsp 70 gene by micrococcal nuclease was very similar to that for inactive chromatin although after a full transcriptional activation the hsp 70 gene was hydrolysed by micrococcal nuclease much more rapidly (38, 37) . So, the hsp 70 gene is very similar to other moderately transcribed genes as regards the chromatin structure.
Some peculiarities in nucleosome structure of the moderately transcribed hsp 70 gene
Our early attempts to investigate a fine nucleosome structure in active chromatin were unsuccessful because DNA in hsp MONO. Figure 3 . Two-dimensional DNP-DNA electrophoretic analysis o-f nucleosome core particles Chromatin -from dechorloneted Drosophila embryos was mildly depleted o-f histone HI in the presence o-f 150 mM NaCl (43) and digested with micrococcal nuclease -for 40 min. The mixture was then resolved on a I-st dimension DNP electrophoresis gel. Dl-dinucleosomes, MONO-mononucleosomes. A-fter the removal o-f proteins, DNA was resolved in the II-nd dimension under DNA denaturing conditions. An ethidium bromide -fluorescence pattern is shown in A. The DNA was then transferred to a nylon membrane and hybridized with 33 P-labeled probe for hsp 70 gene coding region (B). Then the membrane was rehybridized with overall ribosomal repeat probe (C) and nontranscribed ribosomal insertion probe (D). "X" marks the spots of unknown origin, which can be seen only with ribosomal probe. 
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DNA Figure 5. Two-dimensional electropharetic analysis of histoneDNft complexes crosslinked in isolated nucleosomes
Nucleosome core particles isolated -from dechorionated Drosophila embryos were crosslinked by dimethylsulphoxide. Crosslinked DNA-histone completes were isolated and electrophoresed on a I-st dimension gel. A-fter the digestion of proteins with Pronase, DNA was resolved on a II-nd dimension gel under DNA denaturing conditions and transferred to a nylon membrane. The yield of chromatin before micrococcal nuclease digestion was nearly quntitative (see METHODS). However based on the chromatin fractionation data obtained by us (Figure 1 ) and other authors (13, 14, 22, 37) , we had expected that micrococcal QNA Figure 6 . Two-dimensional el ectrophoret 1 c analysis of histone-DNA complexes in nucleosomes crosslinked in nuclei Nucleosome core particles were isolated -from dechor i onated Drosophila nuclei crosslinked by dimethylsulphoxide. Crosslinked DNA-histone complexes were then isolated and analysed by two-dimensional electrophoresis. The designations are the same as in Figure 5 . genes is the same as for inactive chromatin ( Figure  1 ) and preferential sedimentation of "active" nucleosomes in the in--fraction was not observed after the lysis o-f nuclei at a low ionic strength (Figure 4 ). It should be stressed that in some experiments ( Figure 6 ) crosslinking was conducted in nuclei before isolation o-f nucleosomes.
It should be -further noted that nucleosomes must undergo considerable changes in the sites of transcription directly occupied by RNA polymerase molecules in the process o-f reversible removal of histones (9) . The removal appears to be induced by PNA polymerase molecules (10, but see Ref. 58 ). The depletion of histones proceeds in parallel with the intensity of transcription increasing in the series HI ;>H2A ,H2B>H3 , H4 and can go as far as the stage of partial or complete unfolding o-f nucleosomes (8) . However, the DNA in active chromatin regions that are free from RNA polymerase molecules, reassociate with histones and thus a compact structure of nucleosomes is restored.
